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Description 

Technical Field 

5 [0001 ] The present invention relates to antigen -based hetero polymers specific for both a specific receptor site on a 
primate erythrocyte and a target pathogenic autoantibody. The present invention further relates to the use of a com- 
position comprising these antigen-based heteropolymers for the preparation of a medicament for treating autoimmune 
diseases. 

10 Background Art 

[0002] Circulating autoantibodies are responsible for much of the pathogenesis associated with a number of autoim- 
mune diseases including, but not limited to, systemic lupus erythematosus (SLE), autoimmune myocarditis, immune 
complex mediated kidney disease, rheumatoid arthritis, myasthenia gravis, autoimmune anemias, Sjogren's Syn- 
15 drome, idiopathic thrombocytopenic purpura, various forms of vasculitis, and at least some of the cellular cytotoxicity 
accompanying Acquired Immune Deficiency Syndrome (AIDS). 

[0003] Efforts to treat autoantibody-mediated disorders have been only partially successful. Many of the past devel- 
oped therapies have been based on the use of general immunosuppressive measures, through drugs or therapeutic 
monoclonal antibodies designed to completely abrogate antibody production. However, to date, a successful treatment 

20 has not been designed which targets the specific autoantibodies. 

[0004] Plasmapheresis, which is designed to remove all the circulating antibodies, has been attempted, but only with 
limited success. In recent years, a variety of extracorporeal immunoabsorption procedures have been attempted. These 
procedures are more specific, and attempt to remove only the pathogenic autoantibodies. This involves allowing the 
blood or plasma to flow over matrices outside the body which contain the autoantigen which is the natural target of the 

25 autoantibodies. These methods are slow, invasive, and expensive, and are associated with several technical problems 
including the need to perform the procedures repeatedly because of their quantitative inefficiency. The complication 
of complement activation on the matrices exists. Overall, therapeutic successes have been modest, at test. 
[0005] Another general, non-specific approach involves aggressive immunosuppressive therapy with corticosteroids, 
and cytotoxic and nonsteroidal antiinflammatory drugs. Although in many instances clinical improvements have been 

30 obtained, there continues to be significant morbidity and mortality in autoimmune diseases despite these medications. 
[0006] Therefore, notwithstanding these advances in autoimmune therapy, there remains to be seen an interna) 
therapy which is specific for the target pathogenic autoantibody and which is both fast and quantitative. 

Disclosure of the Invention 

35 

[0007] Accordingly, it is an objective of the present invention to provide an autoimmune therapy which is highly 
specific for a target pathogenic autoantibody and which produces fast and quantitative results. 
[0008] It is a further objective of the present invention to provide such an autoimnune therapy for the treatment of 
autoimmune diseases in humans and non-human primates. 

40 [0009] The above objectives have been met by the present invention, which are called antigen-based heteropoly- 
mers. These are specific for both complement receptor site (CR1) on a primate erythrocyte and a target pathogenic 
autoantibody. More specifically, the above objectives have been met by the present invention which provides a complex 
which comprises at least one antigen-based heteropolymer comprising a monoclonal antibody specific for binding to 
a CR1 site on a primate erythrocyte, wherein the monoclonal antibody is crosslinked to an antigen specific for a target 

45 pathogenic autoantibody, 

[0010] In addition, the objectives have been met by the present invention which further provides the use of a com- 
position comprising an effective amount of an antigen-based heteropolymer comprised of a monoclonal antibody spe- 
cific for the CR1 site on a primate erythrocyte, wherein the monoclonal antibody is crosslinked to an antigen which is 
specific for a target pathogenic autoantibody for the preparation of a medicament for the treatment of an autoimmune 

50 disease in a human or non-human primate. 

Brief Description of the Invention 

[0011] Figure 1 is a schematic illustration of the antigen-based heteropolymer complex consisting of a monoclonal 
55 antibody bound to the CR1 receptor site on a primate erythrocyte. The monoclonal antibody is also crosslinked to an 
autoantigen (dsDNA) which in turn, is bound to the target pathogenic autoantibody (anti-dsDNA antibody). 
[0012] Figure 2 is a graph showing the kinetics of the antigen-based heteropolymer-mediated binding of IgG anti- 
dsDNA antibodies to human red blood cells. The counts bound are proportional to the amount of human IgG bound 
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(see below). Ma, Mo, and Ha are the last name initials of SLE patients from whom the plasmas or IgG fractions were 
taken. The solid symbols indicate incubation with red blood cells and antigen-based heteropolymer, and the above 
respective antibodies. The open symbols represent incubation with red blood ceils and antibodies, without antigen- 
based heteropolymer. 

s [0013] Figure 3 is a graph showing examination of red biood cells prepared and incubated as described in Figure 2, 
and probed with 125 l-labe1ed monoclonal antibodies to both human IgG and human IgM. Plasma Ma is representative 
of samples from patients with severe nephritis and contains almost exclusively IgG anti-dsDNA antibodies at a very 
high titer. Plasma Va contains both IgG and IgM anti-dsDNA antibodies. 

[0014] Figure 4 is a graph showing results of control experiments to demonstrate the specificity of binding. Human 
io red blood cells were examined with a four-fold dilution of plasma Ma, or an IgG fraction from plasma Ma was examined. 
PI = plasma; Nl = normal; SRBCS = sheep red blood cells; AHP = antigen-based heteropolymer; Ma - patient with 
severe nephritis. 

[0015] Figure 5 is a graph showing the results of control experiments which indicate that binding is permissive in 
normal human serum and verify that the red blood cells are not lysed. A two-fold dilution of plasma Ma (diluted in bovine 

15 serum albumin) was compared to a similar dilution of plasma Ma in fresh, normal human serum. PL = plasma; NHSC 
= normal human serum complement; AHP = antigen-based heteropolymer; IRR irrelevant monoclonal antibody. 
[0016] Figure 6 is a graph showing the results of dose response experiments illustrating the optimum input of antigen- 
based heteropolymer to maximize binding of human IgG anti-dsDNA antibodies to 150 ul of red blood cells (50% 
hematocrit) in an SLE IgG sample. AHP3 was prepared as in Example 1 (see below). AHP2 = contains 1/2 as much 

20 dsDNA as AHP3; AHP1 = contains 1/4 as much dsDNA as AHP3. 

[0017] Figure 7 is a graph showing binding as a function of the concentration of IgG anti-dsDNA antibodies. A 50% 
dispersion of human red blood cells was examined in a mixture of bovine serum albumin and IgG Mo. 
[0018] The data (calculated line) was fit to a simple straight line equation by the least squares analysis. 
[0019] Figure 8 Is a graph showing binding as a function of the concentration of IgG anti-dsDNA antibodies using a 

25 very high titer anti-dsDNA plasma (Ma). 

[0020] Figure 9 is a graph showing binding as a function of the concentration of IgG anti-dsDNA antibodies using 
plasma Ma. (7G9 AHP and 1B4 kHP alone as compared to cocktail containing 7G9 and 1B4 together.) 

Best Mode For Carrying Out The Invention 

30 

[0021] The present invention is based on the unique structural and biophysical properties of the primate red blood 
cell complement receptor (CR1). The antigen-based heteropolymer complexes of the present invention are specific 
for both the CR1 site on a primate red blood cell and for a target pathogenic autoantibody. 
[0022] The antigen-based heteropolymers of the present invention are prepared from monoclonal antibodies which 

35 are specific for the CR1 receptor site on a primate erythrocyte. The monoclonal antibodies must also be capable of 
being crosslinked to an autoantigen which is specific for the target pathogenic autoantibody. 
[0023] Examples of such monoclonal antibodies used in the present invention include 1B4, HB8592, and 7G9. 
HB8592 and 1B4 are disclosed in Taylor et al., "Use of heteropolymeric monoclonal antibodies to attach antigens to 
the C3b receptor of human erythrocytes: A potential therapeutic treatment," Proc. Natl. Acad. Sci. , 88:3305-3309 (April 

40 1991); Reist et al., "Antigens pre-bound to the primate erythrocyte complement receptor via crosslinked bispecific 
monoclonal antibody heteropolymers are rapidly cleared from the circulation, " Eur. J. Immunol. 23:3021-3027 (1993). 
7G9 is a mAb recently developed in the inventors' laboratory and can be prepared by known techniques. Other mAbs 
to CR1 available and useful include 3D9 and E-1 1 [(previously used by the present inventors in Proc. Nat'l. Acad. Sci. , 
Vol. 91 (July 1992)], and 57F and YZ1 (prepared and reported by Nussenzweig and Fearon, respectively). It is likely 

45 that any mAb for CR1 will work successfully in the antigen-based heteropolymer system of the present invention. 
[0024] The monoclonal antibody is crosslinked to an antigen specific for a target pathogenic autoantibody. The 
crosslinking can be performed by any efficacious crosslinking method. For example, purified monoclonal antibodies 
may first be biotinylated. Typically, each monoclonal antibody may contain 5 biotins. The biotinylated purified mono- 
clonal antibody is then crosslinked to a previously biotinylated antigen or autoantigen by the use of streptavidin. Other 

so known methods, such as use of N-succinimidyl-3-(2-pyridyldithio)propionate (SPDP) can be used for crosslinking the 
monoclonal antibody to the antigen if the antigen has free amino groups. The details of preparation of non-antigen- 
based heteropolymers can be found in Taylor et al. Proc. Nat'l. Acad. Sci. supra; Reist et al. supra; and Taylor et al., 
"In vitro binding and clearance of circulating antigen by bispecific heteropolymer-mediated binding to primate erythro- 
cyte complement receptor," J. Immunol. , 1 48(8):2462-2468 (April 1 992). 

55 [0025] Many different autoantibodies can theoretically be cleared from the circulation of a primate by using the an- 
tigen-based heteropolymers of the present invention. Specifically, certain humans with Hemophilia have been shown 
to be deficient in factor VIII. Recombinant factor VIII replacement treats this hemophilia. However, eventually some 
patients develop antibodies against factor VIII, thus interfering with the therapy. The antigen-based heteropolymer of 
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the present invention prepared with factor VIII provides a therapeutic solution for this problem. 
[0026] Specifically, an antigen-based heteropolymer comprised of factor VIII crosslinkedto a mAbto CR1 specifically 
binds circulating anti-factor VIII autoantibodies to erythrocyte CR1 and facilitates clearance of said autoantibodies. 
Factor VIII is allowed to circulate and facilitate blood clotting. 

5 [0027] Other autoantibodies which can be cleared by the antigen-based heteropolymer complex of the present in- 
vention include, but are not limited to, autoantibodies to the following antigens: the muscle acetylcholine receptor (the 
antibodies are associated with the disease myasthenia gravis); cardiolipin (associated with the disease lupus); platelet 
associated proteins (associated with the disease idiopathic thrombocytopenic purpura); the multiple antigens associ- 
ated with Sjogren's Syndrome; the antigens implicated in the case of tissue transplantation autoimmune reactions; the 

io antigens found on heart muscle (associated with the disease autoimmune myocarditis); the antigens associated with 
immune complex mediated kidney disease; the dsDNA and ssDNA antigens (associated with lupus nephritis); desmo- 
gleins and desmoplakins (associated with pemphigus and pemphigoid); or any other antigen which is well-character- 
ized, can be crosslinked to an anti-CR1 mAb, and is associated with disease pathogenesis. 
[0028] When the above antigen-based heteropolymer complexes are injected Into the circulation of a human or non- 

15 human primate, the antigen-based heteropolymer will readily bind to the red blood cells via the monoclonal antibody 
at a high percentage and in agreement with the number of CR1 sites on the red blood cells. At approximately the same 
rate, the antigen-based heteropolymer will then bind to the autoantibody via the antigen, which is crosslinked to the 
monoclonal antibody. The red blood cells which contain the bound antigen-based heteropolymer autoantibody complex 
can then act therapeutically by facilitating the neutralization and clearance from the circulation of the bound pathogenic 

20 autoantibody. In the present invention, the antigen-based hetero polymers facilitate binding to the red blood cells and 
subsequently clear the autoantibody from the circulation of human and non-human primates, without also clearing the 
red blood cells themselves. 

[0029] The present inventors have found for the first time, that by crosslinking anti-CR1 monoclonal antibodies with 
an autoantigen, thus generating the antigen-based heteropolymers of the present invention, it is possible to bind spe- 
25 cifically to red blood cells the vast majority (ca. 80%-95%, Table 1 and Figure 9) of the autoantibodies (specific for an 
antigen) found in plasmas from patients with a specific autoimmune disease. Specifically, the examples demonstrate 
that it is possible to bind specifically to red blood cells the vast majority of the autoantibodies to the dsDNA antigen 
found in plasmas from patients with systemic lupus erythematosus (SLE). 

[0030] The present invention utilizes the unique properties of the primate red cell CR1 which enable it to bind and 
30 clear complement-opsonized immune complexes from the circulation. The immune complexes cleared via this system 
are taken up by the liver and spleen (Comacoff, J. Clin. Invest. (1983)). 

[0031] The specificity of the binding of the AHP complex to the autoantibodies or antibodies and the red blood cell 
CR1 -antigen-based heteropolymer complex is clear, because when a) the antigen-based heteropolymer is omitted; b) 
sheep red blood cells which lack the CR1 site are substituted for human red blood cells; c) the biotinylated autoantigen 

35 is omitted in preparing the antigen-based heteropolymer; and d) normal sera or normal IgG is substituted for SLE 
plasmas, no binding is observed (Figure 4). Further proof of specificity is demonstrated in that no binding is observed 
if e) the antigen-based heteropolymer is prepared with no monoclonal antibody; f) the antigen-based heteropolymer 
is prepared with an "irrelevant" monoclonal antibody; and g) excess monomeric monoclonal antibody anti-CR1 Is used 
to inhibit the antigen-based heteropolymer complex (Figure 5). It has also been confirmed that the presence of fresh 

40 serum (as a complement source, 25% by volume) does not inhibit specific binding or lyse the red blood cells (Figure 5). 
[0032] The input range of the antigen-based heteropolymer is determined based on the red blood cell concentration 
and the number of CR1 epitope sites recognized by the anti-CR1 monoclonal antibodies per red blood cell. If the 
antigen-based heteropolymer complex is added in excess, a fraction of the antigen-based heteropolymer will not bind 
to red blood cells, but will instead inhibit the uptake of the autoantibodies by the red blood cell. The reason is that when 

45 the free antigen-based heteropolymer is in solution, it will simply compete for available autoantibody with antigen- 
based heteropolymer bound to red blood cells. Thus, the antigen-based heteropolymer-mediated binding of the au- 
toantibodies to human red blood cells follows a bell-shaped curve when binding is examined as a function of the input 
antigen-based heteropolymer concentration (Figure 6). 

[0033] The quantitative effectiveness of the antigen-based heteropolymers of the present invention in facilitating the 
50 binding of autoantibodies to red blood cells is demonstrated in the results of Farr assays. 

[0034] The results of the Farr assays demonstrate that the autoantibodies are indeed specifically absorbed to red 
blood cells and in a high percentage (> 90% in Table 1) in the presence of the antigen-based heteropolymer complex 
of the present invention. 

[0035] It has further been demonstrated that there is a linear relationship between the input of autoantibodies and 
55 the level of autoantibodies present on the red blood cells due to antigen-based heteropolymer-mediated binding (Figure 
7). In some instances the system shows a saturation because the concentration of the autoantibodies in the plasma 
is so high that even at the optimum input of antigen-based heteropolymers, not all of the autoantibodies can be bound 
to the red blood cells under standard conditions (Figure 8). This is also shown in the Farr assays. For example, for a 
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very high titer sera, a fraction of the autoantibody binding activity is not bound to the red blood cells (Table 1) due to 
its high concentration. These cases are the exception, and for the majority of samples from patients with lupus nephritis 
(which have pathogenic levels of anti-dsDNA antibodies), the method of the present invention removes > 90% of the 
anti-dsDNA antibodies. 

5 [0036] However, the saturation problem can be solved by using combinations of antigen-based heteropolymer which 
contain monoclonal antibodies that bind to different sites on CR1. The monoclonal antibodies 7G9 and 1B4 bind to 
separate and noncompeting sites on red blood cell CR1 . Therefore, a "cocktail" containing a mixture of two antigen- 
based heteropolymers made with respective monoclonal antibodies gives rise to greater binding of autoantibodies to 
red biood cells. Plasma Ma is one of the highest titer SLE IgG anti-dsDNA plasma studied. The single antigen-based 

10 heteropolymer prepared with either anti-CR1 monoclonal antibodies 7G9 or 1 B4 alone cannot absorb all anti-dsDNA 
antibodies to red blood cells in the undiluted plasma. However, when the "cocktail" is used, more than 90% of the IgG 
anti-dsDNA in plasma Ma is absorbed to red blood cells (Figure 9). Also, the results of the Farr assay (Table 1) of the 
plasma supematants indicate that greater than 90% of the anti-dsDNA antibody binding activity in plasma Ma is re- 
moved when it is treated with the antigen-based heteropolymer cocktail and red blood cells. 

15 [0037] The present invention further encompasses the use of a composition comprising an effective amount of an 
antigen-based heteropolymer complex of the present invention for the preparation of a medicament for treating an 
autoimmune disease in a primate. The route of administration will likely be by intravenous injection into the blood of a 
human or non-human primate. 

[0038] An effective amount of the antigen-based heteropolymer complex of the present invention is from 1-10 mg, 
20 preferably 5 mg administered once. This dosage should clear up to 2 [ig/ml of the autoantibody from the circulation of 
a primate. In a therapeutic environment, the administration should be repeated until complete clearance of the patho- 
genic autoantibody. The antigen-based heteropolymers of the present invention can be used in combination with certain 
fluids used for intravenous infusions. 

[0039] Although the prototype studies disclosed herein are carried out using mouse mAbs, currently available tech- 
25 nology should allow "humanization" of these mouse mAbs. This will decrease the chance that an immune response to 
the antigen -based heteropolymer will abrogate its effectiveness in repeated doses. 

[0040] Red blood ceils removed and isolated may also be used as therapeutic agents. Once franked with the antigen- 
based heteropolymer, these red blood cells can be reintroduced into the patient, where, in the bloodstream free au- 
toantibodies will bind and be immobilized on the red blood cell, and subsequently cleared in accordance with the body's 

30 red blood cell clearing mechanism. 

[0041] As set forth above, in an alternative embodiment, red blood cells are franked with a "cocktail" of at least two 
antigen-based heteropolymers, which, in addition to binding to the target autoantibody, also bind to several distinct 
and non-overlapping sites on CR1 of the primate red blood cell. As some of the following experiments show, by using 
at least two non -overlapping monoclonal antibodies for binding to CR1 on the red blood cell of primates, the number 

35 of heteropolymer complexes that can also bind is increased at a high percentage and in good agreement with the 
number of available binding sites. This, in turn, allows for more autoantibody binding to the heteropolymer complexes 
of the present invention. This augments the capability of a relatively small numberof red blood cells to bind to a relatively 
larger amount of autoantibody, and further can facilitate the removal of the autoantibody through the normal primate 
immune clearance system. 

40 [0042] The AHP of the present invention can further be used in the case of clearance of exogenous administered 
antibodies which become pathogenic. 

EXAMPLES 

45 EXAMPLE 1 

Monoclonal antibodies and crosslinked AHP anti-CR1/dSDNA complexes. 

[0043] Three monoclonal antibodies specific for primate CR1 , i.e., 1B4, HB8592, and 7G9, were purified by known 
50 methods as set forth in Reist etal., supra. The purified monoclonal antibodies were then biotinylatedby known methods. 

Typically, each monoclonal antibody would contain 5 biotins. An amount of 24 u.g of biotinylated 7G9 was incubated 

for 30 minutes at room temperature with 30 fig of streptavidin (SA) in a volume of 48 u.l borate saline (BS buffer). 

[0044] The resulting sample was then incubated with 33 u.g of biotinylated dsDNA which was purchased from Dr. W. 

Emlen of the University of Colorado Medical Center (1 biotin per 30 base pairs in 1 ml of BS buffer) in order to crosslink 
55 7G9 to the biotinylated dsDNA. The process was repeated using 1B4 or HB8592. The anti-CR1/dsDNA complexes 

formed were used without any other purification. 
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EXAMPLE 2 
Binding assays. 

5 [0045] SLE plasmas or IgG fractions from 3 different patients which are denoted by last name initials (i.e., Ma, Mo, 
and Ha) were incubated by general methods (Taylor et al., 'The interaction of Antibody/DNA Immune Complexes with 
complement, " Arthritis and Rheumatism , 30(2):176-185 (February 1987) with red biood cells and AHP (10 u.l AHP3 
per 150 u,i of 50% red cells) (solid symbols in Figure 2) and without AHP (open symbols in Figure 2) for the indicated 
time period at 37°C as follows: Type O red blood cells were washed and then reconstituted to a 50% hematocrit in one 

10 of the above plasmas. The AHP was added in an "equivalence" of ca. 0.6-1 .2 u.g of anti-CR1 mAb per ml blood based 
on 500-1000 CR1 receptors per red blood cell. After brief incubation, the sample was centrifuged and the supernatant 
isolated and saved for an independent assay (Farr assay) of the anti-dsDNA antibodies. The red cell pellets were 
washed 3 times and then an 125 l-labeled monoclonal antibody to human IgG (HB43) was added to the red blood cells 
to measure uptake of human IgG. (Taylor et al., 88:3305-3309, Proc. Natl. Acad. Sci. supra.) The arrow at the bottom 

15 of Figure 2 emphasizes the low level of background binding to red blood cells of all 3 samples after a full 15 minute 
incubation. The broken lines at the bottom left of the figure are extrapolations to 0 minutes of incubation with the AHP. 
[0046] Figure 2 demonstrates the results of the kinetics of AHP-mediated binding of IgG anti-dsDNA antibodies to 
human red blood cells. These results show that the complexes of the present invention bind to red blood cells. The 
results further show that by virtue of the incorporated dsDNA, the AHP complexes facilitate the specific and rapid 

20 binding (ca. 80% complete in ca. 5 minutes at 37°C as shown in Figure 2) to red blood cells of high avidity IgG and/or 
IgM/anti-dsDNA antibodies found in SLE plasmas. The specificity of the binding for anti-dsDNA antibodies and the 
anti-CR1/dsDNA AHP complex is clear due to the fact that all the binding is abrogated when the AHP is omitted (open 
symbols in Figure 2). 

25 EXAMPLE 3 

[0047] Two SLE samples were prepared as in Example 2 above. However, the samples were incubated with AHP 
for 15 minutes at 37°C. 

[0046] Plasma Ma, as shown in Figure 3, is representative of samples from patients with severe nephritis, and as 
30 previously reported, has almost exclusively IgG anti-dsDNA antibodies at very high titer (Taylor et al., Arthritis and 
Rheumatism , (1987)]. The plasma Va was shown in Taylor et al. to have both igG and IgM anti-dsDNA antibodies. 
[0049] The red blood cells were probed with 125 l-labeled monoclonal antibodies to both human IgG (HB43) and 
human IgM (HB57). 

35 EXAMPLE 4 

Control experiments to demonstrate the specificity of binding. 

[0050] Plasma Ma, or an IgG fraction from plasma Ma, was prepared as set forth above. The plasma Ma and the 
40 IgG fraction from plasma Ma were diluted four-fold. Human red blood cells were used as above in this experiment. 
Five different samples were prepared as follows: a) AHP omitted; b) sheep red blood cells (SRBCS) lacking the CR1 
site were substituted for human red blood cells; c) the biotinylated dsDNA was omitted in preparing the AHP; and d) 
normal plasma or normal IgG was substituted for SLE plasma (Figure 4). 

[0051] The results shown in Figure 4 demonstrate that only in the presence of the AHP and human red blood cells 
45 (first 2 groups of Figure 4 on the left) is binding evident. If AHP is omitted or the dsDNA antigen is omitted from the 
AHP, no binding is seen. Further, when sheep red blood cells were used with Ma, or normal human IgG was used in 
place of Ma, binding was also reduced to background levels. 

EXAMPLE 5 

50 

[0052] In this experiment, a two-fold dilution of plasma Ma (diluted in bovine serum albumin) was compared to the 
same dilution of plasma Ma in fresh normal human serum. The following four samples were prepared: a) the AHP was 
prepared with no monoclonal antibody; b) the AHP was prepared with a monoclonal antibody to the dinitrophenol group 
(23D1, an irrelevant (IRR) antibody); c) excess monomeric 7G9 anti-CR1 was used to inhibit the 7G9/dsDNA AHP; 
55 and d) serum prepared with AHP. 

[0053] The proof of specificity is demonstrated in Figure 5 by the showing that no binding is observed if the AHP is 
prepared with no monoclonal antibody, the AHP is prepared with an irrelevant monoclonal antibody, or if excess mon- 
omeric 7G9 anti-CR1 is used to inhibit the 7G9/dsDNA AHP. The specificity of the AHP, which contains biotinylated 
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monoclonal antibody 7G9, is demonstrated because excess monoclonal antibody 7G9 is able to compete for sites on 
CR1 and abrogate all binding. It has also been confirmed that the presence of fresh serum (as a complement source, 
25% by volume) does not inhibit specific binding or lyse the red blood cells (Figure 5). 



5 EXAMPLE 6 



Farr assay showing quantitative effectiveness of the antigen-based heteropolymers. 



[0054] The quantitative effectiveness of the antigen -based heteropolymer complexes of the present invention in 
10 facilitating binding of target autoantibodies to red blood cells Is demonstrated in Table I which shows the results of Farr 
assays. The Farr assay was performed as in Taylor et al., Arthritis and Rheumatism , supra. These assays are specific 
for anti-dsDNA antibodies. The supernatant samples contain the plasma proteins and the vast majority of IgG, not 
specific for dsDNA, which did not bind to red blood cells. These assays indicate that the anti-dsDNA binding activity 
in the supernatants is reduced considerably for most SLE plasma and IgG fractions (more than 90% in Table 1). That 
*5 is, the IgG anti-dsDNA antibodies are indeed specifically absorbed to the red blood cells in the presence of the AHP 
complex. 



Table 1 



Efficiency of Removal of Anti-dsDNA Antibody Binding Activity from SLE Plasmas by adsorption to Red cells in the 


Presence of a Specific AHP. Analysis of binding of 3 H-dsDNA in the Farr Assay. 


3 H-dsDNA (DPM) in the SN (Unbound Counts) 


SLE Plasma a 


Dilution 6 tested in 


Adsorbed with red 


Adsorbed with red 


% Adsorbed 0 j 




Farr assay 


cells alone 


cells +AHP 




Ma/2 


5 


58 


710 


95 




25 


270 


950 






100 


NL lgG d : 


970 








(1000) 






Va/1 


10 


680 


1400 


90 




25 


1040 








100 


1420 










NL lgG d : 










(1800) 






Co/1 


4 


730 


1250 


80 




20 


1280 


1830 






40 


1550 


2300 








NL lgG d : 










(2600) 






Ha/2 


5 


30 


120 


85, 95 




20 


90 


360 






80 


270 


630 






320 


390 


680 








NL IgG* 










(1200) 






Ma/1 


4 


370 


1760 


90* 



50 



55 



a > Dilution of SLE plasma Incubated with the red cells (± AHP). 
b ) Dilutions of material not bound to red cells tested In Farr assay. 

°) Percent adsorbed calculated based on relative dilution of "+AHP" sample needed to give same level of binding as sample lacking AHP. Unless 
otherwise specified, 7G9 was used to generate the AHP. 

d ) In Farr assays, IgG ant bodies are precipitated with saturate ammonium sulfate, and then dsDNA not bound to the anti-dsDNA antibodies Is 
measured in the supernatant (SN). The background binding level for normal IgG is given for each assay. A number of dsDNA preparations of different 
Input and specific activity were tested. 

°) A "cocktail 1 of the AEP prepared with both 7G9 and 1 B4 was tested. When the two AHP's were each evaluated separately, only 70% of the anti- 
dsDNA binding activity was adsorbed. 
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Table 1 (continued) 



Efficiency of Removal of Anti-dsDNA Antibody Binding Activity from SLE Plasmas by adsorption to Red cells in the 


Presence of a Specific AH P. Analysis of binding of 3 H-dsDNA in the Fan* Assay. 


3 H-dsDNA (DPM) in the SN (Unbound Counts) 


SLE Plasma 8 


Dilution* 5 tested in 


Adsorbed with red 


Adsorbed with red 


% Adsorbed 0 




Fan- assay 


cells alone 


cells +AHP 






8 


470 








16 


970 








32 


1700 










NL IgG* 










(3000) 







15 a ) Dilution of SLE plasma incubated with the red cells (± AHP). 

b ) Dilutions of material not bound to red cells tested in Farr assay. 

c ) Percent adsorbed calculated based on relative dilution of "+AHP" sample needed to give same level of binding as sample lacking AHP. Unless 
otherwise specified, 7G9 was used to generate the AHP. 

d ) In Farr assays, IgG antibodies are precipitated with saturate ammonium sulfate, and then dsDNA not bound to the anti-dsDNA antibodies is 
measured in the supernatant (SN). The background binding level for normal IgG is given for each assay. A number of dsDNA preparations of different 

2Q input and specific activity were tested. 

[0055] The above results demonstrate that the autoantibodies are indeed specifically absorbed to red blood cells 
and in a high percentage (> 90%) in the presence of the antigen-based heteropolymer complex of the present invention. 

25 EXAMPLE 7 

Dose response experiments. 

[0056] AMP1 , AHP2 and AHP3 were prepared as follows. AHP3 was prepared in accordance with the procedures 
30 set forth in Example 1 using 1 0 |il of AH P3 per 1 50 uJ of 50% red blood cells. AH P1 and AH P2 were prepared accordingly, 

except that AHP2 contains 1/2 as much dsDNA as AHP3, and AHP1 contains 1/4 as much dsDNA as AHP3. 

[0057] Dose response experiments were performed to find the optimum input of AH P to maximize binding of human 

IgG anti-dsDNA antibodies to 150 uJ of human red blood cells (50% hematocrit) in an SLE IgG sample. 

[0058] The AHP-mediated binding of IgG anti-dsDNA antibodies to human red blood cells follows a bell-shaped curve 
35 when binding is examined as a function of the input AHP concentration (Figure 6). 

[0059] AHP3 was chosen as the exemplified AHP because it facilitates the highest level of binding IgG anti-dsDNA 

to red blood cells. 

[0060] This data shows that the input range of AHP is determined based on the red biood cell concentration and the 
number of CR1 epitope sites (recognized by the anti-CR1 monoclonal antibodies) per red blood cell. It is clear that if 
40 the AHP is added in excess, a fraction of the AHP will not bind to the red blood cells and will instead, inhibit uptake of 
the autoantibodies by the red blood cell. The reason is that the free AHP in solution will simply compete for available 
autoantibody with AHP bound to red blood cells. 

EXAMPLE 8 

45 

Dose response experiment as a function of autoantibody concentration. 

[0061] A 50% dispersion of human red blood cells was examined in mixtures of bovine serum albumin and IgG Mo. 
Figure 7 shows the results of this binding experiment. The results indicate that there is a linear relationship between 
so counts bound (level of bound IgG) and the input level of SLE IgG anti-dsDNA antibodies due to AHP-mediated binding. 
The data was calculated to fit a simple straight line equation by least squares analysis. 

EXAMPLE 9 

55 [0062] A similar experiment as in experiment 8 was performed except, in this case, a very high titer anti-dsDNA 
. plasma (Ma) was examined. When the sample was used and diluted, it was clear that not all the endogenous IgG anti- 
dsDNA is bound by the red biood cells. Therefore, in some instances, the system shows saturation because the con- 
centration of IgG anti-dsDNA antibodies in the SLE plasma is so high that even at optimum input of AHP, not all the 
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IgG anti-dsDN A antibodies can be bound to the red blood cells under standard conditions (Figure 8). This is also shown 
in the Farr assays (below) where it has been found that for very high titer plasma, a substantial fraction of the anti- 
dsDNA antibody binding activity is not bound to the red blood cells (see Table 1). Fortunately, these cases are the 
exceptions. For the majority of SLE plasma from patients with lupus nephritis (and pathogenic levels of anti-dsDNA 
5 antibodies) which were examined, the method does remove greater than 90% of the anti-dsDNA antibodies. 

EXAMPLE 10 

Binding as a function of the concentration of IgG anti-dsDNA antibodies using ARP "cocktail. 0 

10 

[0063] Combinations of AHP were prepared which contain monoclonal antibodies that bind to different sites on CR1 . 

The monoclonal antibodies 7G9 and 1B4 bind to separate and non-competing sites on the CR1 site of the red blood 

cell. These cocktails produced contain a mixture of the two AHP's made with these respective monoclonal antibodies. 

The results as shown in Figure 9 show that use of a "cocktail" gives rise to even greater binding of IgG anti-dsDNA 
'5 antibodies to red blood cells. 

[0064] As set forth above, plasma Ma is one of the highest titer SLE IgG anti-dsDN A plasma which has been studied. 

The single AHP prepared with either anti-CR1 monoclonal antibody 7G9 or 1 B4 alone cannot absorb all the anti-dsDNA 

antibodies to red blood cells in the undiluted plasma. However, when the "cocktail" is used, the continued linearity in 

the binding (even in the undiluted plasma) suggests that it is possible to absorb to red blood cells, more than 90% of 
20 the IgG anti-dsDNA in plasma Ma (Figure 9). This was confirmed in the Farr assays (see Table 1) of the plasma 

supernatants which indicated that greater than 90% of the anti-dsDN A antibody binding activity in plasma ma is removed 

when it is treated with the AHP "cocktail" and human red blood cells. 

[0065] The AHP prepared with anti-CR1 monoclonal antibody 1 B4 showed slightly better binding than the AHP pre- 
pared with monoclonal antibody 7G9. However, saturation at the highest input of Ma was seen in both cases. When 
25 the cocktail containing both AHPs was used, on the other hand, binding was enhanced considerably which suggests 
that all the IgG anti-dsDNA can be bound to red blood cells (Figure 9). 



Claims 

30 

1. An antigen-based heteropolymer (AHP) complex comprising a monoclonal antibody specific for binding to com- 
plement receptor (CR1 ) site on a primate erythrocyte, wherein said monoclonal antibody is crosslinked to an antigen 
specific for a target pathogenic antibody or autoantibody. 

35 2. The AHP of claim 1 , wherein the monoclonal antibody is produced by the hybridoma deposited with the ATCC and 
assigned accession number HB8592. 

3. The AH P of claim 1 , wherein the target antibody or autoantibody is selected from the group consisting of antibodies 
or autoantibodies to the following antigens : factor VIII, muscle acetylcholine receptor, cardiolipin, platelet associ- 

40 ated proteins, antigens associated with Sjogren's Syndrome, double stranded deoxyribonucleic acid (dsDNA), and 

single stranded DNA (ssDNA). 

4. The AHP of claim 1 , wherein said antigen is selected from the group consisting of factor VIII , muscle acetylcholine 
receptor, cardiolipin, platelet associated proteins, antigens associated with Sjogren's Syndrome, double stranded 

45 deoxyribonucleic acid (dsDNA), and single stranded DNA (ssDNA). 

5. The AHP of any one of claims 1-4 wherein the AHP is franked with a human or non-human primate erythrocyte. 

6. An AHP cocktail, comprising at least two AHPs according to anyone of claims 1 to 5, wherein each AHP comprises 
so a monoclonal antibody specific for binding to at least two distinct and non-overlapping sites on complement receptor 

(CR1 ) on a primate erythrocyte, wherein said monoclonal antibody is crosslinked to an antigen specific for a target 
pathogenic antibody or autoantibody. 

7. Pharmaceutical composition characterized in that it comprises an AHP or an AHP cocktail according to any one 
55 of claims I to 6. 

8. Use of a composition comprising the AHP or the AHP cocktail according to any of claims 1 to 6 for the manufacture 
of a medicament for the treatment of an autoimmune disease. 
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PatentansprOche 

1. Auf einem Antigen-basierender Heteropolymer(AHP)-Komplex, der einen monoklonalen Antikorper, der fur eine 
Bindung an eine Complement-Rezeptor(CR1)-Stelle an einem Primaten-Erythrocyten spezifisch ist, umfasst, wo- 

5 bei der monoklonale Antikorper mit einem Antigen, das fur einen pathogenen Ziel-Antikorper oder -Autoantikorper 

spezifisch ist, vernetzt ist. 

2. AHP nach Anspruch 1 , wobei der monoklonale Antikorper durch das Hybridom produziert wird, das bei der ATCC 
hinterlegt ist und dem die Hinterlegungsnummer HB8592 zugeordnet ist. 

10 

3. AHP nach Anspruch 1 , wobei der Ziel-Antikorper Oder -Autoantik6rper aus der Gruppe, bestehend aus Antikorpem 
oder Autoantikorpern auf die folgenden Antigene, ausgewShlt ist: Faktor VIII, Muskel-Acetylcholinrezeptor, Car- 
diolipin, BlutplSttchen-assoziierte Proteine, Antigene, die mit Sjogren-Syndrom assoziiert sind, doppelstrSngige 
Desoxyribonukleinsaure (dsDNA) und einzelstrangige DNA (ssDNA). 

15 

4. AHP nach Anspruch 1 , wobei das Antigen aus der Gruppe, bestehend aus Faktor VIII, Muskel-Acetylcholin-Re- 
zeptor, Cardiolipin, Blutplattchen-assoziierten Proteinen, Antigenen, die mit Sjogren-Syndrom assoziiert sind, dop- 
pelstrangiger Desoxyribonukleinsaure (dsDNA) und einzelstrangiger DNA (ssDNA), ausgewahlt ist. 

20 5. AHP nach einem der Anspruche 1 bis 4 t wobei der AHP an einen humanen oder nichthumanen Primaten-Erythro- 
cyten gebunden (franked) ist. 

6. AHP-Cocktail, umfassend mindestens zwei AHPs nach einem der Anspruche 1 bis 5, wobei jeder AHP einen 
monoklonalen Antikorper, der fur eine Bindung an mindestens zwei getrennte und nichtubertappende Stellen an 

25 Complement-Rezeptor (CR1) an einem Primaten-Erythrocyten spezifisch ist, umfasst, wobei der monoklonale 
Antikorper mit einem Antigen, das fur einen pathogenen Ziel-Antikorper oder -Autoantikorper spezifisch ist, vernetzt 
ist. 

7. Pharmazeutische Zusammensetzung, dadurch gekennzeichnet, class sie einen AHP oder einen AHP-Cocktail 
30 nach einem der Anspruche 1 bis 6 umfasst. 

8. Verwendung einer Zusammensetzung, die den AHP oder den AHP-Cocktail nach einem der Anspruche 1 bis 6 
umfasst, zur Herstellung eines Medikaments fur die Behandlung einer Autoimmunkrankheit. 

35 

Revendicatlons 

1 . Complexe d'h6t6ropolymeres a base d' antigene (HPA) comprenant un anticorps monoclonal se fixant specif ique- 
ment a un site du recepteur du complement (CR1) d'un erythrocyte de primate, dans lequel ledit anticorps mono- 

40 clonal Stablit une liaison transversale avec un antigene sp6cifique d'un anticorps ou d'un auto-anticorps pathogene 
cible. 

2. HPA selon la revendication 1 , dans lequel I'anticorps monoclonal est produit par I'hybridome depose a I'ATCC et 
dont le numero de reference attribue" est HB8592. 

45 

3. HPA selon la revendication 1 , dans lequel I'anticorps ou auto-anticorps cible est choisi dans le groupe consistent 
en !es anticorps et auto-anticorps dirigSs centre les antigenes suivants : facteur VIII, recepteur musculaire de 
('acetylcholine, cardioiipide, protein es associees aux plaquettes, antigenes associes au syndrome de Goujerot- 
Sjbgren, acide d6soxyribonucl6ique double brin (ADNdb), et acide desoxyribonucl6ique simple brin (ADNsb). 

50 

4. HPA selon la revendication 1 , dans lequel ledit antigene est choisi dans le groupe consistant en le facteur VIII, le 
recepteur musculaire de ('acetylcholine, le cardioiipide, les proteines associees aux plaquettes, les antigenes as- 
socies au syndrome de Goujerot-Sjogren, I'acide d6soxyribonucl6ique double brin (ADNdb), et I'acide d6soxyri- 
bonuclelque simple brin (ADNsb). 

55 

5. HPA selon I'une quelconque des revendicatlons 1 a 4, dans lequel I'HPA est assigne a un erythrocyte de primate 
humain ou non-humain. 
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Melange d'HPA, comprenant au moins 2 HPAseion l'une quelconque des revendications 1 a 5, dans lequel chaque 
HPA comprend un anticorps monoclonal se fixant specifiquement a au moins deux sites distincts et qui ne se 
chevauchent pas sur le recepteur du complement (CR1 ) sur un erythrocyte de primate, dans lequel ledit anticorps 
monoclonal etablit une liaison transversale avec un antigene specifique d'un anticorps ou d'un auto-anticorps 
pathogene cible. 

Composition pharmaceutique caracterlsee en ce qu'elle comprend un HPA ou un melange d'HPA selon l'une 
quelconque des revendications 1 a 6. 

Utilisation d'une composition comprenant I'HPA ou le melange d'HPA selon Tune quelconque des revendications 
1 a 6 pour la fabrication d'un medicament pour le traitement d'une maladie autoimmune. 
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